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INTRODUCTION  politan  species,  the  polar  reports  hav  ■  been  pie 

marily  of  arctic  species 

Literature  review  As  a  group  choanoflagellates  seem  to  favor 

The  placement  of  choanoflagellates  as  a  calm  waters  of  nearshore  areas  for  their  habitat, 

group  in  either  the  plant  or  animal  kingdom  has  being  found  in  the  stagnant  water  of  salt 

vacillated  back  and  forth  for  a  century  Based  marshes  (l.eadbeater  and  Morton  1974a),  tide 

upon  mitochondrial  and  flagellar  substructure  pools  (Norris  1965),  fjords  (Ihrondsen  1974, 

(Leadbeater  and  Manton  1974,  Hibberd  1975,  fhomsen  1971,  1976)  and  coastal  waters 

1976),  these  organisms  are  now  assigned  to  the  (Ihrondsen  1969,  Manton  et  al  1975,  1976)  Ob- 

Families  Codonosigidae,  Salpingoecidae  and  servations  in  open  ocean  have  been  made  on 

Acanthoecidae,  Order  Choanoflagellata,  Class  two  species  of  the  genus  Bicosta  (Ihrondsen 

Zoomastigophorea,  Phylum  Protozoa  The  cells  1970b,  Reynolds  1976)  Neustonic  (Norris  1965), 

of  the  Family  Codonosigidae  are  naked,  the  cells  epiphytic  (t  1 1 is  1930,  Norris  1965),  and  plank- 

of  the  Family  Salpingoecidae  are  thecate  tonic  (Throndsen,  1974)  modes  of  existence  have 

(bounded  by  an  investment  without  costae),  and  been  described.  Manton  et  al  (1975)  propose  an 

the  cells  of  the  Family  Acanthoecidae  are  assoc  lation  with  sea  ice  as  a  common  denomi- 

loricate  (bounded  by  an  investment  with  costae  nator  for  a  group  of  Acanthoec  idae  observed  in 

made  of  siliceous  strips)  (Leadbeater  1977,  Nor-  the  Canadian  Arctic,  although  no  specific 

ris  1965)  The  Acanthoecidae  are  further  dif-  reports  of  such  an  association  were  made  The 

ferentiated  from  the  other  choanoflagellates  in  presence  of  at  least  one  species  under  arctic  sea 

that  they  are  exclusively  marine.  This  study  will  ice  has  been  documented  (Manton  and  Oates 

concern  itself  with  the  Acanthoecidae  1979b)  Environmental  tolerances  of  the  family 

With  the  erection  of  the  genera  C rinolina  as  a  whole  seem  to  be  wide,  they  have  been 

(Thomsen  1976),  Bicosta  (Leadbeater  1978),  and  found  in  water  with  temperatures  ranging  from 

C alliacantha  (Leadbeater  1978),  there  are  now  -1  °C  to  24°C  and  salinities  ranging  from  5"/„„  to 

approximately  12  genera  and  40  species  which  36“/, u,.  Without  exception,  insufficient  data  exist 

belong  to  the  Family  Acanthoecidae  Geograph-  to  be  able  to  establish  habitat,  environmental,  or 

ically,  loricate  choanoflagellates  have  been  geographic  al  ranges  for  any  given  species 

found  in  polar  (Manton  et  al.  1975,  Throndsen  In  describing  the  morphology  of  the  Family 

1970a,b,  Reynolds  1976,  Deflandre  1960,  Manton  Acanthoec  idae  the  terminology  of  leadbeater 

and  Oates  1979b),  temperate  (Leadbeater  1972a,  (1972a)  will  be  followed  )  he  lorn  a  is  composed 

b,  197),  Manton  and  Oates  1979a,  Moestrup  of  longitudinal  and  transverse  c  ostae  (hg  1)  I  he 

1979,  Norris  1965,  Thomsen  1973,  1976,  1977,  anterior  end  is  open  (the  posterior  end  in  (  rino- 

Throndsen  1969,  1974),  subtropical  (G.  Fryxell  lina  spp  is  open  as  well)  and  has  the  tlagellum 

pers  comm),  and  tropic  a  I  (Manton  and  Oates  projecting  from  it  In  the  present  taxonomic 

1979b)  regions  With  the  exception  of  Deflan-  sc  heme  the  loric  a  shape,  presenc  <>  or  absenc  e  ot 

dre's  report  from  Terre  Adelie  of  Parvicorbicula  anterior  projections,  numbers  ot  costae  (both 

socialis  (Meumer)  Deflandre,  a  seemingly  c  osmo-  longitudinal  and  transverse),  and  in  one  i  axe  the 


Figure  1.  Morphology  of  Acanthoecidae. 


orientation  ot  the  costae  ( Acanthoeca  Ellis)  are 
characteristics  most  commonly  used  to  differen¬ 
tiate  genera.  Costal  numbers  (both  longitudinal 
and  transverse),  presence  or  absence  of  a  caudal 
appendage,  and  costal  shape  are  the  characteris¬ 
tics  most  commonly  used  to  differentiate 
species  Each  costa  is  made  up  of  rod  shaped 
subunits,  called  costal  strips,  which  in  some 
species  are  heteropolar  The  heteropolar  costal 
strips  are  tapered  at  one  end  and  bulbous, 
T-shaped,  or  L-shaped  at  the  other  end  Other 
costal  strips  are  usually  tapered  at  both  ends  In 
the  species  that  have  heteropolar  transverse 


costal  strips,  it  is  the  non-tapered  end  that  is  re¬ 
sponsible  for  joining  individual  costal  strips  and 
connecting  longitudinal  and  transverse  costae 
The  variation  of  costal  substructure  between 
species  has  been  largely  ignored  in  the  literature, 
making  assessment  of  its  taxonomic  important  e 
difficult  The  shape  and  size  of  the  protoplast, 
the  length  of  the  flagellum,  and  the  number  and 
length  of  the  collar  tentacles  are  characteristics 
that  are  usually  included  in  a  species  descrip¬ 
tion,  but  differentiation  on  both  the  generic  and 
specific  levels  is  based  solely  upon  lorica  mor¬ 
phology 
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Tht>  i  omposition  ot  the  costal  strips  <1  n c  1 
heme  ! ht‘  lorn  <i  has  boon  determined  to  lie  sili¬ 
ceous  I  xposure  to  Indrotluom  acid  ll  t-.ui 
boater  ,nul  Morton  1074b)  and  \-rav  analvsis 
11  homsen  107)1  have  been  used  to  test  tins 
When  tests  tor  c  r\ st  a  I  line  strut  ture  ot  the  sdn  on 
were  t  oiuhu  ted  and  negative  results  obtained 
l  eadbeatei  and  Manton  (10~4)  c  one  lulled  that 
the  silii  on  was  present  in  an  amorphous  toim 
I  lie  substance  holding  the  costal  stops  to  one 
another  does  not  w.thstnnd  treatment  with  po¬ 
tassium  permanganate  and  h\  cl  roc  hloi  n  ,u  id  a 
picictdure  used  to  i  lean  otttanu  matter  from 
diatom  iiustulns  lltwoll  and  Itasle  10~U|  null 
i  at ina  that  it  mat  be  oinanu  in  nature 

Ha  i  tei  i  a  and  other  small  pai  tn  les  are  in  yes  ted 
In  i  boanotlaitellates  as  tood  Collar  tentac  les 
remove  the  partu  les  (torn  the  water  c  uiients  set 
u 1 1  In  the  beatinn  ot  the  tlanellum  inside  the  Ion 
i  a  (I  eadbeatei  and  Motion  I0"4.i  I  Ills  t‘t  U)i  al 
though  piesumablv  dissolved  orn.mn  mattei 
m. iv  also  tutu  tion  as  a  tooil  source  tor  some 
spec  les  (Cold  et  al  1070) 

Reprodm  lion  tprochn  turn  ot  another  proto 
t >1  a s 1 1  and  replic  ation  (produc  turn  ot  another  lor 
ic  til  have  been  studied  with  both  liyht  and  elec 
Iron  mu  rosi  opes  usinn  w  ild  as  well  as  c  ultured 
oiu.misnis  I  he  entire  sec|ueiues  have  been  es 
t.ibhshed  In  piec  1114  together  discrete  observa 
tions  c  >t  the  separate  steps  ||  Ills  I ‘Ml)  Ihomsen 
|07(>  107"  I  e.lciheafer  JO/SI  After  reproderc  fron 
occurs  the  iiivemle  protoplast  migrates  out  ot 
the  mother  lorn  .1  and  attaches  to  the  external 
anterior  end  or  the  lorn  a.  a  position  it  cisuallv 
maintains  null  tor  a  short  period  ot  time 
I  I  homsen  1077)  Costal  stop  bundles  aie  present 
within  the  |uv enile  c  ells  (I  eadbeatei  and  Manton 
I't74),  it  is  presumable  these  1  oslal  strips  th.it  are 
laid  around  the  iiivemle  protoplast  to  produce  a 
new  lorua  All  evideiue  points  to  an  exact 
plac  enicnl  ot  spec  it  ic  1  ost.il  strips  (Manton  el  a  I 
107b)  although  the  mechanism  involved  is  still 
unknown  Ihomsen  (107  1)  has  observed  wb.it 
i  duIc!  be  interpreted  as  .1  mature  lorn  a  initiation 
division  at  its  posterior  end  (  olonv  toimatmn  as 
a  result  ot  iiivemle  tells  and  lorn  as  not  do.is 
sen  i.itmn  themselves  Irom  the  parent  loin  as  has 
been  observed  I  he  columns  mai  be  spheiu.il 
(anterior  ends  direi  ted  inwards)  1 1  homsen  107b) 
or  in  mats  (l)etl.mdre  lObt),  Manton  et  al  1  l>7(i I. 
dependmn  u(>on  the  species  and  the  interpret. 1 
t  ion 

Objectives 

Determirunn  the  n(,,,Kr<iphii  al.  habitat,  and 


spatial  distribution  ot  selei  ted  spec  ies  ot  the 
Ai  ant  hi  >01  nine,  part  u  11 1  at  Iv  w  it  h  re  spec  t  to  pro 
vinus  observations  is  one  ot  the  main  ob|ec  lives 
ot  this  report  Another  ob|iu  tive  is  in  examine 
the  costal  sutistruc  ture  ot  the  sjiecics  with  a 
sc  .111  (linn  electron  microscope  m  an  attempt  to 
claim  the  taxonomic  importanc  e  1  it  this  4  liar. h 
teri'tu  A  new  species  /Jrjphanonrj  mi  of. 
anno, 'af.r  is  cies.  ribed  tor  the  1 1  r t  time  trum 
these  samples 

MATERIALS  AND  METHODS 

I  Ills  stuclv  was  esscntiallv  c >hser v  at mn.i i  in 
nature  usinn  stanclard  methods  ot  hnh*  and 
sc  annmn  elec  lion  mu  lose  op\  I  lie  moiphoioni 
c  al  and  taxonomic  aspec  ts  oi  ibis  stuclv  'ulv 
heav  civ  upon  1111c  ionr.i(ihs  ut  selec  ted  cunanisins 
Horn  s.implmn  stations  where  the  c  oik  entrations 
were-  hinhest  ]  lie  distnbut tonal  aspec  1  relic's  on 
survevmn  samples  obtained  during  a  cruise  or 
the  US  C  oast  tiuard  Icehreaker  Hurtun  /s/,ind  to 
the  Weddell  Sea  durinn  lehruarv  and  March 
107~  (I  in  J  1  able  1  I  Samples  were  obtained  in 
three  wap  with  a  IS  am  mesh  net  towed  Irom  a 
depth  ot  Jilt)  m  below  tho'urtace  witha  CKKIl 
ue  c  orer  that  obtains  a  7  c  ni-diamotot  cvhnder 
throunh  ic  e  does,  and  in  hand  Irom  the  ednes  ot 
ue  does  and  Horn  ponds  on  ice  does  A  total  ot 
thirtv-three  water  column  and  live  ne  doe 
samples  were  taken  liable  1)  and  examined  Ot 
the  t  iv  e  it  e  samples  tour  were  obtained  Horn  ic  e 
tine  ednes  or  ponds  and  one  was  obtained  with 
the  ic  e  t  orer 

Samples  were  preserved  as  soon  as  possible 
altei  1  ol  lei  Iron  with  enough  hexa  mine- but  ten  cl 
formalin  to  produce  a  1  oiu  entiation  ot  approx 
imatelv  J°<>  formalin  in  the  sample  1  he  samples 
were  returned  to  lex. is  A  AM  Lmiversitv  toi  sub 
sequent  analxsis  Approximatelv  JO  ml  from 
eac  I)  sample  was  rinsed  with  laboratorv  distilled 
water  usinn  a  1  entiilunation-dei  antation  tech 
iuc|ue  (the  sample  is  1  entr  it  lined  the  supernatant 
dei  anted,  and  distilled  water  added)  Alter  the 
1  trial  (tourthl  rinse  a  pipette  was  used  to  ti, ulster 
a  portion  ot  the  pellet  to  whole  coverslips  tor 
Use  with  the  iinllt  mu  rose  ope  (l  M)  or  to  a  pot 
Iron  ot  ,1  1  leaned  i  overshp  mounted  on  an  alum 
mum  stub  toi  use  with  the  scanning  electron 
mu  rose  ope  (SIM)  I  he  samples  were  then  an 
dried  I  hose  samples  to  he  studied  w  it h  the  Iinllt 
microscope  were  covered  with  H\iax  or  (  umar 
Imountinn  media)  and  allowed  to  dr\  overmnht. 
the  excess  mountmn  medium  w.is  then  si  raped 


Figure  2.  Cruise  track  and  pack  ice  limits  of  the  Weddell  Sea  biocruise.  I  ebruary-March 
1977.  Dashed  line  represents  the  pack  ice  limit  and  the  solid  line  represents  the  cruise 
track. 


away  and  the  edges  were  sealed  with  fingernail  RESULTS 

polish  The  samples  for  the  StM  were  grounded 

to  the  stub  with  silver  paint  and  routed  with  Observations 

gold-palladium  The  light  microscope  was  a  Diaphanoeca  niulti.innul.it.i  sp  nov  legs  l  I 

Zeiss  Standard  K  with  phase  optic  s;  the  sc  unmng  Diagnosis  lorn  a  barrel  shaped.  Iiaii'veise 

microscope's  used  were  Hitachi  |SM  U-$  and  costae,  4  or  ri  composed  ot  11  It  costal  slops 

U-T5  bulbous  ,i t  one  end.  tapered  at  other  end  spat  eel 


Tabic  1.  Location,  date,  type  of  sample,  surface  temperature, 
and  salinity  of  the  stations  occupied  during  the  Weddell  Sea 
biocruise,  February-March  1977. 
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,it  mtcrv.il->  i>1  117.  4,  5-1.2,  and  7  tovt.il  strips 
Worn  .interior  ends  of  loilKitiiditl.il  costae, 
loriKttiidm.il  (  ost.ie  1 1  If,  i  (imposed  ot  H-9  <  ost.il 
strips,  blunt  .it  both  ends,  of  sightly  sm.iller 
di.imeter  than  transverse  <  ost.il  strips,  pro|c(  tions 
112  (  ost.il  strips  m  length  or  t  urrmg  beyond  an¬ 
terior  r  osl.i,  caudal  appendage  1  costal  strips  in 
length  arising  from  redut  Won  and  r  onvergenr  e  of 
longitudinal  i  ost.ie  posterior  to  4th  transverse 
<  osta 

Holotype  figure  1 

Type  lot  a  Won  7()°1  5  2S,  41°  lb  B'W,  2  1/02/77,  ir  e 
floe  pond,  -1  fl°( 

Lortcas  of  this  species  were  found  in  many  of 
the  net  tows  and  in  four  of  the-  five  ice  samples 
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(1  able  2)  Although  the  number  of  c  oslae  y  .mod 
(figs  4-b),  twelve  longitudinal  and  tour  ttati' 
verse  costae  was  the  norm  digs  4,  r>)  I  lection 
mic  rose  opy  of  this  organism  permitted  the-  stun 
lure  ot  the  costae  to  In-  discerned  I  lie-  Wans 
verse  costae  arc-  composed  ot  as  many  costal 
strips  as  there  are  longitudinal  c  ost.ie  I  he-  c  ostai 
strips,  bulbous  on  one  end  and  blunt  oil  the 
other  end,  are  attached  to  the  longitudinal  cos 
tae  by  their  bulbous  ends  and  to  eat  h  other  by 
the  blunt  end  somewhere  along  the  nd|oimng 
costal  strip  (I  tg  <>)  I  he  point  ot  attac  hiiient  lor 
the  blunt  end  and  the  ad|oinmg  costal  strip  dit 
lers  for  each  costa,  in  the-  anterior  transverse 


5 


(  I  'i.ipli.wuxH  .1  multi. uiMul.il. i  lint' 


figure  I  I  )i,i|>Ii.iiuh'<  .1  multi,  iniHil.it.  i  lni.nl 
Unit, i  with  t.itnl.il  .ipprntl.itlf  I  lumu'N'.int 
I  I  loniithnlin.il  t  usl.it'  l  \l  It  r  llt  t'  puiul  \l.i 
turn  I 


N 


I  ipurt'  5  l)i.i|>h.mii('(  .1  multi. iniHilut.i  liim.i 

Willi  '»  It.  IflsVHfsC  (  osf.li*  l.iuowsl  I  Kl  lit'  Hot' 
punt I  si, it  ion  I 


Table  2.  Distribution  of  Acanthoecidae  from  the  Weddell  Sea  biocruise,  February-March  1977. 

10  denotes  ite 
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Acanthoecopsis  Bicosta  Bicosta  Calliacantha  talliacamha  Crinohna  Diaphanoeca  Pars  itorbirula 
Station  spiculilera  antennigera  spimiera  multispma  simples  aperta  multiannulata  souahs 
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(  osta  the  strip',  overlap  eae  h  other  by  40-90%  ot 
tlieir  length  while  in  the  third  transverse  <  osta 
the  overlap  is  l()-lr>%  (I  igs  (>.  7)  Sin<  e  the 
number  of  costal  strips  is  constant,  this  overlap 
produce's  transverse  costae  ol  different  diam¬ 
eters,  heme  the  barrel  shape  ot  the  lorn  a  I  he 
longitudinal  costal  strips  are  blunt  at  both  ends 
and  overlap  one  another  hy  10%  ot  their  total 
length  (I  ig  7)  At  or  ho  low  the  posterior  trails 
verse  c  osta,  a  reduc  lion  m  the  numbers  ot  longi¬ 
tudinal  c  ostae  oc  c  urs  as  they  c  onvergc  and  torm 
a  c  audal  appendage  (I  ig  B)  Mean  lorn  a  length 
(excluding  the'  caudal  appendage)  and  diameter 
at  the  third  transverse  costa  were  statistically  dif¬ 
ferent  tor  stations  I  and  K  4!  t  f  pm  x2r>pm  + 

2  pm  and  5  t  ±  6  pm  x  21  ±  2  pm,  respectively 
The  presence  of  a  caudal  appendage  and  one 


anterior  transverse  costa  with  three  or  four  even¬ 
ly  spaced  transverse  costae  posterior  to  it  dis¬ 
tinguish  D.  multiannulata  from  the  type  species 
of  the  genus,  D.  grandis  tllis  D.  multiannulata 
differs  from  D.  pedicellata  Leadbeater  by 
possessing  additional  transverse  costae  (O 
pedicellata  has  f)  and  having  anterior  projec¬ 
tions  constructed  of  more  than  one  costal  strip 
(I  ig  b).  The  presence  of  costal  strip  bundles 
within  loricas  was  also  noted  (lig  12) 

Crinolina  aperta  (leadbeater)  Ihomsen  (I  igs 
1  1-10)  I  one  as  ot  this  spec  ies  were*  found  at  most 
of  the  southern  stations  m  the  ic  c*  as  well  as  m 
the1  water  column  (I  able  2)  I  he'  lone  a  is  con¬ 
strue  te'd  ot  twc'lve  longitudinal  and  two  trails 
verso  c  ostae'  with  the'  longitudinal  c  ostae  e  ontm 
uing  beyond  both  ends  ot  the  lone  a  (I  igs  If,  1 4) 
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I  igure  h  Di.iph.moci  ,i  mulli.mnul.il, i  Complete 
lorn.)  with  S  Iw/Mmi’  ,1111/  II  lannitinlm.il  (  os 
I.hv  LM  ho  1 1  on  pond  sl.1l/0n  I 


/  iguri'  "  I  >i,iph,innei  ,1  multi, mnul.it, 1  H  halo  lot 
i< . 1  show  inp  12  langitudm.il  .tint  -I  li.mss  else  (  1  >s 
f.io  .inlet  101  praioi  lions  .mil  ,1  i  .unl.d  .ippon 
il.ige  I  \1  h  o  llao  pond  st.ition  I 


figure  8  Di.iph.mori  ,1  multi.mnul.it.i  Whole 
loric.l  showing  cost.il  strip  components  at  hath 
longitudm.il  ,1  ml  tr.insverse  cost.iv  SI  M  Ice  floe 
pond,  station  I 


figured  l)i,i|)h,ino(‘(  ,i  multi, mnul.il.i  \ntonot 
tr.insverse  tost.i  ,ind  .interior  ptoiei  lions  I’ta 
lections  .ire  I’:  iost.il  strips  in  length  I  he 
mode  0 1  .itt.ir  hment  ol  the  tr.insseise  tost.il 
strips  to  <>,k  h  other  ,ind  to  the  longitudin.il  i  os 
t.ie  is  visible  SIM  hi'  Hoe  pond,  st.itian  / 


t  inure  III  Di.tphamu'i  ,i  muiti.mnul.it.i  I’atlial 
lorn  .1  with  mt,i<  t  set  ond  .mil  thiril  Ir.msserse 
toslae  SI  M  In'  I  lor  pond  station  I 


I  inure  II  I  P.iph.imicc  ,i  mu  It  i.umul.i  l  .< 

(  iijIi’m  ill)!  ol  lonniludmal  toslae  tu'lnw  thr 
loiirth  ttanssrrse  i  nsta  f  hr  i  autlai  append, me 
anst's  Irnm  (his  si, ilk  Si  M  h  r  th  ic  pond  sla 
linn  l) 


liKure  12  Diaphanoi't  a  multiannulata  In 
complete  lonca  with  costa/  strip  bundle  SIM 
Ice  floe  pond,  station  D 


V.«^£-V  £ -V* 


I  ipure  17.  I’arvic  orbu  ula  mh  tabs  L me  (/rawing;. 


I  i^arc  III  I’aiv  u  orbit  ula  soi  inlis  torn.i 
with  two  transverse  and  ton  lonpitudin.il 
costae  dm/  no  lauda/  .ippend.i pe  Vote 
die  attar  hmenl  of  the  dist.il  end  ot  the 
lonpitiidm.il  costae  to  the  midpoint  ot 
th e  .interior  transverse  (  osi.i/  sfnps  s(  M 
U  ater  t  o /iimn  station  ^ 


i^ore  (V  I’ .irvit  orbit  ula  sot  tabs  Posterior  pot 
ion  of  loric.i  show  mu  the  second  transverse  cos 
a  situated  .it  the  posterior  end  ot  the  .interior  Ion 
itudmal  cost.il  strip  tonpitadin.il  iost.il  redin 
ion  tram  ten  to  fne  oiturs  below  the  second 
r.insserse  tosfa  before  tinitinp  al  .1  point  SIM 
Vater  tolumn.  st.ition  h 


ibumetei  al  ihr  posteom  end  Mthomdi  smallei 
ill. in  those  pieviou'ls  lepolteil  iM.illtmi  et  al 
l‘t "  il  (  Appeililis  At  (bele  I'  little  ihniht  bast'll 
t»n  both  vposs  mot  pholoi;s  and  i  ostal  substiut 
tine  that  tills  olitanisni  is  t  .ipeit.i 

I’.iti  11  nrliu  iif.l  soi  1, ins  iMeumeil  Detlandte 
( I  l^s  1 7  _’4I  lilts  speiies  vs  .1  s  eflionrltefed  at 
ninie  stations  than  am  othei  niemliei  ot  the 
At  anthoec  nlan  anil  although  it  was  lonnd  in  11  e 
samples  it  seemed  to  lie  most  abundant  in  th. 
it  ati't  <  olurrtft  ( I  .tide  Jl  I  lie  loin  ,1  is  1  olliposed 
ot  ten  Inuuitucbnal  and  two  traosveise  iostae 
possessing  in  some  1  ases  a  1  .nnl.il  append. i«e 
I  he  antenoi  tiansteise  iiista  is  1  unsttiit  teil  ot 
ten  oteil.ippmt;  1  ostal  stops  tapered  .it  both 
ends  I  he  set  mill  01  posteom  danstetse  1  usta  i' 
i  onstiui  ted  ot  lewet  |li  m  7|  bill  sinnlaiK  shaped 
1  ostal  slops  and  is  situated  one  1  ostal  stop 
beneath  the  antenoi  transverse  i  osta  lli^s  IK 
I’ll  I  he  lonititudmal  iostae  |mn  the  anleom 
tiansteise  iostae  in  the  middle  ot  the  i  oin|io 
Dent  1  ostal  stops  at  the  point  ot  1  ontai  I  tin 


1  u  m 


I  inu'r  .’ll  t'.iiv  ii  otlm  iil.i  ><»  i.ilis  llet.iil 
of  f he  .iff.ii  hment  of  the  ltmitilinUn.il 

t  Osf.ll'  (O  (flt>  .IMfl’flOf  ff.lMWOfse  i  osf.i 

show  mu  the  enl.irnement  of  f/io  .interior 
evil/  of  the  lonnittithn.il  sfnjis  S/ \f 
i\ .ifcf  i  i ilnmn  st.it ion  K 


\ 


liHtnt'.’l  I’.iivii  oitm  ill. i  sin  i.ilis  fosterior  tun 
s\er\e  <  osf.i  show  inn  t  o.ilest  inn  of  lonnrtinUn.il 
i  osf.io  into  ,i  si, ill.  ffo/n  whtth  ,i  t.itnl.il  .i/i/ten 
tl.inr  .mses  ^1  \l  W.iter  t  olinnn  st.ilion  K 


(iHitrel?  Parvu  orbit  ul.t  mm  i.ilis  lont.i 
showing  lonnitutlinjl  tost.il  retUn  lion  to 
I  heltm  the  set  ontf  tr.msserse  t  osf.i  I  M 
Vtafcr  <  olumn  station  I 


I  inure  j  f  l  ,ii\ ii  oilm  ul.i  soi  i.ilis  (  omplete  Ion 
t  ,i  with  int.n  t  tell  .mil  iKlgelltim  t.irrow  I  fittiiet  t 
mu  out  nl  the  .interior  end  of  f/io  lont.i  I  hi 
i\  .tfrf  i  o/iinif)  sf.ifion  /  /  / 


Figure  24  Parvirorbicula  socialis.  Aggregation s 
of  lorica s.  indicating  colony  formation ,  Z.M 
Wafer  column,  station  Fl-I 


Figure  2b  At  anthoet  opsis  spit  ulifera  Complete 
lorica  with  lb  longitudinal  and  I  transverse  cos 
tae.  anterior  projections  and  a  caudal  appendage 
LM  Water  column,  station  P 


figure  2r>  At  anthoet  opsis  spit  uliter.i  line 
draw  mg 


lonjpluilin.il  t  ostal  strip  Is  enlaitted  (I  in  2(!|  Ke 
tint  lion  in  tin-  ninnhei  ot  lonuiltitliii.il  t  ostae 
m. iv  ot  <  in  .il  oi  below  t lit*  m'i  t mi  1  li.insvt  iM- 
t  osl  .1  |l  ihs  1)1  1  *  *  2  1  2  2 1  I  lit’  Ion  nil  utliii.il  t  os 
I, in  m, iv  |oin  lont'llit'i  .n  ,i  point  oi  linn  in, iv 
t  o.ilt'M  o  into  ,i  si. ilk  1 1 1 >ni  vvliitli  .i  t  , mtl.il  .ip 
pt'lltl.lHf  .IIIM's  (I  in  211  U< '  1 1 1  sl.llkt'tl  .111(1  till 
st.ilkrtl  lout. is  writ1  olist’ivttl  llin  nit1. m  M/f 
i, Hint'  ol  llic  loin, is  mt'.istiit'tl  I  loin  sl.ition  I 
(n  101  was  14-12  pin  |len«th  ext  Imlmn  the 
t  ,ui(lal  appendage  •  .interior  lorn  a  diameterl 
I  hr  protoplast  in  those  lout  as  when-  one  was 
olist'i  v  t  'll  vv.ls  situ. ileil  lielow  the  set  mill  1 1  .ins 
veise  tost, i  and  possessed  a  t l.melltnu  that  ex 
tended  anleiioilv  out  ot  the  loin  a  tl  in  2  1)  In 
several  t  .ist's  .ignion-ilnnis  tit  loin  as  weie  oh 
seived.  unlit  atinn  t  olonv  loiniation  ot  some  soil 
(I  IH  241 

At  anthoet  opsis  spu  uhtera  Noiiis  (I  lys  2r>  2t>l 
I  Ills  spet  it's  was  tound  at  station  I’  in  the  watei 
t  olnmn  and  in  the  n  e  at  stations  I  and  h  1 1  able 
2)  Ihe  lorn  as  weie  approximate l\  2)1  pm  long 
(e\i  lulling  t  atitlal  appcndagel  and  possessetl 
t  atnlal  appendant's  11  pm  lung  1  lie  loin  a  was 
t  (imposed  ot  Sixteen  lonnilinlm.il  anti  tlnee 


1  I 


transverse  costae  (t  ig  26)  Projections  beyond 
the  anterior  transverse  costa  were  observed  and 
the  longitudinal  c  ostae  c  onverged  posteriorly  to 
Hive  rise  to  the-  caudal  appendage  No  observa¬ 
tions  on  the  subunit  struc  ture  of  the  costae  was 
possible  due  to  the  scarcity  of  the  organism  in 
this  material  I  here  is  little  doubt  that  this  organ¬ 
ism  is  the-  spec  it's  desc  ribed  by  Norris  (1965)  (Ap¬ 
pendix  A)  with  the  light  microscope  and  exam¬ 
ined  by  I  homsen  (1977)  with  the  electron  mic  ro¬ 
se  ope  Discrepancies  in  lone  a  si/e,  the1  number 
of  longitudinal  costae,  and  the  arrangement  of 
the-  transverse  costae  do  exist  but  it  is  telt  that 
these  differences  reflect  additional  morphologi¬ 
cal  variability  not  noted  by  Norris  in  the  Pacific 
sample's  with  which  he1  worked  (I  homsen  1977) 
Ricosta  spindera  I  hronelsen  (f  igs  27-28) 
Lone  as,  both  whole  and  partial,  wore-  found  at  a 
number  of  southern  stations  m  the  water  c  oluntn 
and  in  the-  ice  at  tour  stations  (Table  2)  I  he 
structure  ot  the  lorica  is  simple,  lacking  trans¬ 
verse  c  ostae  and  possessing  but  two  longitudinal 
costae-  (fig  28)  The-  longitudinal  costae  cross 
each  other  about  two-thirds  the  length  down  the 
lorie  a  and  give  rise  to  two  sweeping  anterior  pro- 
|ec  lions  and  to  (he-  c  audal  appendage  poster¬ 
iorly  I  he-  length  ot  the  lorie  a  from  its  base  to  the- 
top  ot  the  anterior  protections  is  !()  pm  I  In¬ 


junction  between  the  longitudinal  costae  and 
the  anterior  projections  can  be  seen  as  thicken¬ 
ing  in  the  c  ostae  (see  arrow,  T  ig  28)  Thesi/eancJ 
gross  morphology  of  the  loritas  from  the  Wed¬ 
dell  Sea  fit  well  within  the  original  desc  option 
made  with  the  LM  and  the  subsequent  LM  study 
by  Reynolds  (1976)  (Appendix  A) 

Bicosta  antennigera  Moestrup  (Figs  29-30) 
Lorie  as  of  this  spec  ies  were  observed  at  stations 
I  and  K  in  the  ice  and  stations  O-P  and  P  in  the 
water  column  (T able  2)  1  he  lorica  of  this  species 
is  tormed  by  two  short  longitudinal  costae  from 
which  spring  the  sweeping  anterior  protections 
(two)  and  the-  caudal  appendage  The-  anterior 
protections  seem  to  be-  composed  of  two  costal 
strips  eac  h  (Fig  30)  while-  the  e  audal  appendage 
and  the  longitudinal  costae  appear  to  be  unit 
strue  tures  1  he  base  of  the  c ell  is  situated  at  the 
junction  of  the  longitudinal  costae  and  the  an¬ 
terior  projections  (Fig  31)  No  transverse  costae 
were  observed  Tile-  total  length  of  the-  loric  a,  in- 
eluding  the-  caudal  appendage,  was  25  pm,  the 
distance  between  the-  ends  ot  the-  anterior  pro 
lections  was  also  25  pm  The-  lorica  morphology 
ot  the-  organisms  e  olle-e  ted  from  the  Weddell  Se-a 
agrees  we-ll  w  ith  the-  type-  de-sc  npf ic >n  (Moestrup. 
1979)  (Appendix  A)  although  the-v  are-  some-what 
smaller  in  si/i>  Differentiation  betwt-e-n  B  minor 


Figure  28.  Bicosta  spimfera  Lorica  with  2 
longitudinal  and  no  transverse  costae  and  a  cau¬ 
dal  appendage.  The  tunction  of  the  anterior  pro¬ 
tection  and  the  longitudinal  costa  is  denoted  by  a 
thickening  I arrow )  LM.  Water  column,  station 
L-M. 


Figure  27.  Bicosta  spimfera.  Line  drawing 


/  igure  J9  Hit  osta  anlenmnera  Line  drawing. 
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figure  II  Buost.i  antennigera  Complete  lorica 
with  cell,  2  longitiidm.il  .mil  no  transverse  c  osf.K’. 
.interior  protection s  ant/  ,1  c.md.il  appendage  I  M 
/ce  floe  pond,  station  I 


figure  It).  Iii<  osta  antenmnera  Lorica  lacking  the 
disi.il  ends  ot  the  .interior  proiet  lions  \ote  rum 
irons  ot  the  .interior  protection  and  the  longitudi¬ 
nal  costa  tarrow  I.  L  M.  Water  column,  station  O-l’ 


(Rev  nolds)  I  eadheatet  and  this  spot  ies  tound  in 
tin-  Anl. in  in  imoKi's  thr  iuimiIh’i  ol  tostal 
stops  uliu  h  make  up  the  lorn  a  i  liamlii'i  (two  toi 
II  anti’nmgeia  vs  tout  lot  II  minor I  as  well  as 
t  ho  oi  ii'ntalioti  i ’I  dit'  lor  u  a  i  ham  In  a  and  I  lie  an 
tenor  prun'i  imps 

t  allt.u  .tilth. t  sim/>le\  Wanton  and  ( »a t « (I  in' 
tj  141  Npo<  miens  in  v  arums  <  onditions  were  oh 
tamed  Itom  both  the  water  i  ohimn  and  u  «•  at  a 
mimhi'i  ot  stat  ions  ( I  able  J)  1  oi  h  a  i  oii't  i  ui  I  ion 
•  oiiM't'  ol  two  transverse  and  tour  longitudinal 
i  o'lan  antmioi  pro|«‘i  lions  and  a  i  audal  ap 
pendant'  1  he  set  ond  transveise  ios|a  is  made 
up  ol  r  o'lal  strips  vMth  a  smaller  diameter  Ilian 
those  ol  the  other  rnslae  and  is  situated  about 
one  tourlh  the  length  ot  the  loin  a  below  tile 
antenoi  tiansvetse  mst.i  (I  igs  it  4-} )  the 
anterior  transverse  i  osta  is  annular  in  shape  |l  in 
14)  and  is  apparentK  tornieil  trom  |ust  tour 
i  ostal  strips  I  lie  loin  a  (e\«  lulling  the  i  audal  ap 
pendane)  is  ]l)  14  pm  loiin  and  has  a  di.imetei  ol 
appio\imatel\  It  pm  at  the  antenoi  tianxveixe 
i  osta  I  he  <  audal  appendani'  is  7  pm  lonn  while 
the  anterior  pro|ei  turns  are  14  pm  lonn  I  hese 
dmienMons  anree  unite  well  with  those  nimi  m 
the  t\pe  dest  tiption  t  Appendix  A)  (Wanton  and 
Oates  l’(7l1h)  1  he  revised  taxonomu  desi  riptum 


Figure  m.  Calliacantha  multispina  aft  Line 
draw  ing. 


JSbC, 


Figure  .17.  Calliacantha  multi¬ 
spina  aft.  Incomplete  lorica 
showing  5  longitudinal  and  2 
transverse  costae.  The  anterior 
costa  is  thicker  than  the  second 
transverse  costa.  Note  the  twist 
in  the  longitudinal  costae  (arrow/ 
and  the  simultaneous  longitud¬ 
inal  costal  reduction  larrowl  LM 
Water  column,  station  O -P 


Figure  16  Calliacantha  multi- 
spina  aff.  Orientation  of  the  lor¬ 
ica  showing  the  full  estent  of  the 
caudal  appendage  and  anterior 
protect  ions.  Note  twist  in  the 
longitudinal  costae  larrowl  and 
the  simultaneous  longitudinal 
costal  reductions  I arrow l  LM 
Water  column,  station  O-P 


plat  e  it  w  it hni  tile  neons  (  allnn  antha  I  he  lonni 
tiKimnl  costae  undergo  two  reductions  (see  ai 
rows,  I  inure  i(>-  iK)  as  tllex  posteriorU  tons  erne 
Alter  the  set  ontl  retku  turn  the  longitudinal 
<  ostae  appear  to  t  mss  and  possible  (use  (I  inuies 
i(>-  IK)  I  he  caudal  appendage  anses  Horn  the 
t  onvcrgenc  e  ot  tilt'  longitudinal  t  ostae  I  he  le 
tint  tion  in  mmibt'rs  ot  longitudinal  t  ostae  ot 
t  urs  simultaiieousls  on  eat  I)  side  ot  the  lorn  a 
with  respet  t  to  the  distant  e  trolli  the  base  ot  the 
lorn  a  I  he  c  ostal  strips  ot  the  nntenoi  transverse 
t  osta  <ire  tint  ker  than  those  tit  the  set  ontl  tians 
vt'rse  t  tisla  or  longitudinal  t  ostae  I  lie  set  ontl 
transverse  t  osta  is  situated  appioximatelv  one 
tilth  the  total  length  ot  the  lorn  .1  below  the  an 
tenor  transverse  1  osta  I  he  length  ot  the  lorn  a 
(ext  hiding  tile  caudal  appendant')  is  Jti  pill,  the 
tliami'ter  at  the  anterior  transverse  t  osta  is  ')  pm 
<1  ncl  the  t  atitlal  appendant'  is  1 r)  pm  lonn 

I  liese  dimensions  are  within  the  1  a  line  nn  en  ten 
the  l\pe  tlest  option  (Appendix  A)  (Manlon  anti 
(tales  ]*)7')a,  M. niton  and  (tales  l't7‘lbl  with  an 
Unusual  c lupl ic  ation  (piesumabh  the  twist)  at 


Figure  18.  Calliacantha  multi¬ 
spina  aff.  Incomplete  lorica 
showing  2  transverse  and  5  longi¬ 
tudinal  costae  and  6  anterior  pro¬ 
jections.  Note  the  longitudinal 
twist  farrow)  and  the  simultane¬ 
ous  costal  reductions  (arrow). 
LM.  Ice  floe  pond,  station  £. 


the  posterior  end  (Manton,  pers  comm.)  The 
description  of  the  type  of  the  genus,  C.  natans, 
allows  tor  the  reduction  of  the  six  longitudinal 
tostae  to  as  few  as  three  before  coalescence  at 
the  posterior  end.  If  it  were  not  for  this  disc  rep- 
an<  y  and  the  posterior  twist,  the  organisms  in 
f  igures  ib-TS  would  be  very  similar  to  (  natans 
Until  further  observations  can  be  made,  the  or¬ 
ganisms  in  Figures  i<>  S8  will  be  designated  C. 
multispina  aff 

The  key  in  Table  5  was  prepared  to  assist  in 
identifying  the  loricas  of  the  species  of  Ac  an- 
thoecidae  found  in  samples  from  the  Weddell 
Sea 


Distribution  and  environmental 
tolerances 


sampling,  and  environmental  data  General 
trends  in  the  distribution  include  an  increase  in 
diversity  (as  measured  by  the  numbers  of  spec  les 
present)  from  the  northern  stations  to  the 
southern  stations  and  the  presence  ot  a  few 
spec  les,  notably  I3  sociahs  and  I)  multiannulata , 
at  most  or  all  of  the  stations  where  c  hounoflag- 
ellates  were  recorded  As  mentioned  in  the  ob¬ 
servations,  some  species,  A  spuuhierj  and  II 
antenmgera.  were  absent  trom  all  but  a  tew  sta¬ 
tions  Ice  stations  I  and  Is  had  not  oniv  more 
spec  les  than  the  mate  lung  water  e  olumn  stations 
but  more  than  any  other  stations  sampled 

Temperatures  and  salinities  tor  the  water  col¬ 
umn  at  the  stations  where  these  measurements 
were  taken  (Table  1 )  c  an  be  approximated  In  the 
surface  temperatures  and  salinities  due  to  the 
well  mixed  nature  of  the  upper  water  c  olumn 
from  which  the  samples  were  taken  (I  l-Sayed 
and  1  ague  hi  1979)  The  temperature  range  of 
-2  4°  to  1  7°C  represents  a  maximum  difference 
of  4  1  °C  while  the  salinity  range  of  li  2"  ,,,,  to 
14  J%„  represents  a  maximum  difference  of 
1  1"/„„  The  relative  uniformity  of  the  two  envi¬ 
ronmental  parameters  studied  prevents  explana¬ 
tion  of  the  distribution  of  loricate  choanof  lagel- 
lates  from  the  water  column  based  upon  salinity 
and  temperature  alone 

Measurements  of  salinity  and  temperature  of 
the  ice  floe  ponds  were  not  obtained  in  the  field 
The  temperature  can  be  approximated  to  be  be¬ 
tween  the  air  temperature  (about  0°C)  and  the 
water  temperature,  placing  it  within  the  range  of 
temperatures  observed  at  the  surface  of  the 
water  c  olumn  Ponds  that  form  on  sea  ice  ran  do 
so  in  two  different  ways,  either  through  solar  in¬ 
duced  melting  or  subsidence  of  the  floe  and  sub¬ 
sequent  flooding  In  the  case  of  the  ponds  en¬ 
countered  in  the  Weddell  Sea  there  is  strong  evi¬ 
dence  to  suggest  the  latter  case  All  the  ponds 
encountered  were  near  deformational  features 
such  as  ridges  where  the  topside  loading  would 
deflect  the  flat  plate  floe  so  that  the  surface 
would  be  below  sea  level,  allowing  it  to  be 
flooded  through  cracks  or  connections  to  the 
open  water  (S  Ackley,  pers  comm  )  Therefore 
the  salinity  of  the  ponds  should  approximate 
th.it  of  sea  water  or  be  somewhat  less  if  snow 
was  incorporated  into  the  water  of  the  pond  1  he 
ice  core  sample  was  not  accompanied  by  tem¬ 
perature  observations,  although  the  assumption 
that  the  temperature,  particularly  of  the  brine 
pockets  and  fissures,  must  be  at  or  below  freez¬ 
ing  (-1  8°C  for  sea  water  at  Tb"/ml)  would  seem  to 
be  valid  Salinities  of  10-cm  sections  of  the  core 


The  distribution  of  loricate  choanoffage Hates 
m  the  Weddell  Sea  is  summarized  in  Table  2  by 
station.  Fable  1  presents  pertinent  geographic  al. 


Table  3.  Key  for  the  identification  of  loricas  of  Acanthoecidae  from  the 
Weddell  Sea. 


A 

AA 

H 

BB 

C 

cc 


o 

DD 


Lorn,  a  possessing  projections  of  the  longitudinal  costae  beyond  the  transverse  costa  (e)  at  one 
or  both  ends  (If  yes  then  B) 

Lorita  not  possessing  projections  of  longitudinal  costae*  beyond  the  transverse  costa  (e) 

Parucorbicula  sociahs 

Longitudinal  projections  of  costae  present  only  at  anterior  end  of  lone  a.  posterior  end 
c  ha  rat  teri/ed  by  a  coalescence  or  the  longitudinal  costae  and  a  caudal  appendage 
(If  yes  then  C) 

Longitudinal  projections  of  c  ostae  present  at  both  ends  of  lorn  a  Cnnoltna  aperta 

Lorita  composed  of  b  or  fewer  longitudinal  costae  and  2  or  tewer  transverse  costae 
(If  yes  then  1) 

Lorita  composed  of  10  or  more  longitudinal  costae  and  t  or  more  transverse  costae 
(It  yes  then  D) 

1  Lorita  tom  post'd  solely  ot  2  longitudinal  costae  (If  yes  then  A) 

1 '  Lorita  composed  of  tour  to  six  longitudinal  and  two  transverse  t  ostae  (It  yes  then  2) 

a  Longitudinal  t  ostae  spiraled  or  twisted  about  one  another  Bicosta  spmitera 

aa  Longitudinal  costae  not  spiraled  or  twisted  about  one  another  Bicosta  antenmgera 

2  Anterior  pro|t*c  tions  4.  c  continuous  with  longitudinal  c  ostae  Calliacantha  simplex 

2  '  Anterior  projec  lions  t>.  c  continuous  with  longitudinal  c  ostae  Calliacantha  multispma 

Longitudinal  costae  14  cor  more,  transverse  c  costae  t.  largest  diameter  of  the  lorita  at  the 
anterior  transverse  costa  Acanthoecopsis  spicuhfera 

Longitudinal  costae  1  1  or  tewer.  transverse  costae  4  or  more,  largest  diameter  of  lone  a  at  third 
or  fourth  transverse  <  osta  Dtaphanoeca  multiannulata 


were  determined,  and  showed  a  maximum  ot 
<>"/„„  at  <i  depth  of  120-1  )()  e  m  below  tne  surtai  e 
(ice  floe  thickness  was  I41)  im|  (Ackley  et  al 
1979)  I  his,  however,  does  not  represent  the  xa 
linity  of  the  brine  poc  kets  and  fissures  where  il  is 
hypothesized  that  the  c  hoanoflagellatex  exist  In 
the1  brine  poc  kets  and  fissures,  salinity  varies  due 
to  the  variable  decree  ot  freezing  throughout  the 
floe.  In  some  of  the  smaller  pockets  (where  the 
greatest  amount  of  freezing  and  brine  were 
found)  salinity  exceeds  that  ot  the  water  trom 
which  the  ic  e  was  formed 

DISCUSSION 

Morphology 

I  he  use  of  StM  as  a  tool  in  the*  morphologic  al 
and  taxonomic  aspects  of  this  study  has  re¬ 
vealed  that  the  manner  in  whic  h  transverse 
c  ostae  within  an  organism  vary  their  diameters  is 
a  c  haracter  that  is  probably  important  in  the  es¬ 
tablishment  of  a  species  concept  for  the*  Ac  an- 
thoecidae.  1  he  variation  of  the  transverse*  c  ostae 
ultimately  determines  lone  a  shape,  a  wide* 
spread  c  harac  teristic  used  in  desc  ribing  genera 
In  Parvicorhicula  sotia/is.  P.  rpur/noostufu 
Throndsen,  and  P.  circulars  Thomsen,  the 


c  harac  (eristic  cone  shape*  ot  the  genus  is 
achieved  by  having  a  posterior  transverse  costa 
(there  arc*  hut  two  transverse*  costae)  ot  smaller 
diameter  than  the  anterior  transverse*  costa 
(Manton  et  al  1970,  1  homsen  1970)  1  he*  number 
of  c  omponent  c  ostal  -.trips  ix  less  m  tile*  posterior 
than  the  anterior  transverse  costa,  while  the* 
length  and  degree  of  costal  strip  overlap  is  ap¬ 
proximately  equal  In  P/eurdsiga  rovnoldsii 
I  luondsen.  a  barrel  shape  is  ac  Ineved  In  having 
an  anterior  transverse  costa  with  a  larger  diam¬ 
eter  than  the  posterior  transverse  costa  (this 
spec  tes  also  has  only  two  transverse  c  ostae*)  1  Iris 
variation  in  costal  diameter  is  ac  Ineved  by  hav¬ 
ing  anterior  costal  strips  ot  greater  length  than 
those  of  the  posterior  transverse  c  osta  1  he  num¬ 
bers  and  degree  of  the  costal  strip  overlap  arc 
c  onstant  ( I  homsen  1970)  In  Crmolma  isvhordon- 
sis.  the*  skirt-shaped  lone  a  is  ac  Ineved  by  having 
two  transverse  costae  ot  different  diameters  In 
this  i  ase,  however,  a  i  ombination  <>t  c  ostal  strip 
length  and  degree  ot  overlap  is  used  to  achieve 
this  oftec  t  ( 1  homsen  197b)  In  Uiaphanoo <  a  pec/f- 
ccllata  Ihrondsen.  a  barrel-shaped  lone  a  is 
achieved  by  having  two  transverse*  costae*  with 
the*  same*  number  ot  transverse  costal  strips  hut 
with  a  lesser  degree*  ot  overlap  m  the*  second 
transverse  c  osta  I  ransverse  c  ostal  strip  length  is 
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constant  (Thomson  197b)  D.  multummilj  fa 
shares  this  method  of  lorica  shape  control 
although  it  is  somewhat  more  elaborate  because 
four  c  ostae  are  involved  The  exac  tness  of  depo¬ 
sition  of  component  costal  strips  is  indie  alec!  bv 
the  differences  in  si/e  and  morphology  not  only 
between  transverse  and  longitudinal  costae  but 
between  individual  transverse'  costae  in  some1 
cases  ( Calliacanthj  simplex)  T he*  difference's  m 
the1  manner  of  lorica  shape  determination  be¬ 
tween  the  genera  (investigated  to  date*  by  elec  - 
tron  microscopy)  and  the  exactness  ot  costal 
strip  deposition  indie  ate-  that  this  e  harac  ter  may 
be  potentially  important  from  a  taxonomic 
standpoint,  both  in  assigning  new  spec  ies  to  a 
genus  or  in  reassigning  species  desc  riheel  with 
out  attention  to  this  detail  More  investigations 
with  the  elc'c  tron  m it  rose  ope  will  be  needed  be¬ 
fore  the  taxonomic  potential  of  this  e  harac  ter 
can  be  fully  appreciated,  but  the-  results  ot  this 
study  indicate  that  the  manner  in  winch  the  lori¬ 
ca  shape  is  determined  may  be1  a  conservative 
c  harac  teristie 

Another  morphological  consideration  that  de¬ 
serves  further  investigation  with  respec  t  to  its 
contribution  to  the  taxonomy  and  phytogeny  ol 
this  group  is  the1  si/e  range*  ot  a  spec  ies  I  lie  elif- 
fieulty  of  determining  diameters  and  lengths  of 
two-dimensional  representations  ot  three-dimen 
s tonal  structures  notwithstanding,  the'  si/e  ot  the 
loric  as  of  a  spec  ies  seems  to  have'  an  inverse  re 
lationship  with  the'  temperature  ot  the  environ¬ 
ment  in  which  they  are  found  (Manton  et  al 
197b,  Manton  and  l.eadbeater  197H)  I  Ins  is 
borne  out  in  the  present  study  to  some  extent  A 
spiculifor<i.  which  has  a  temperate  type  loe  ality, 
was  c  onsiderably  larger  than  the  type  spec  i 
men,  however,  H  s pmilera  and  (  ,ipert,i  were 
considerably  smaller  than  the*  type'  specimen 
I  he  discrepant  ies  between  the  si/e  ranges  ol  the 
two  bipolar  species  are  difficult  to  comprehend 
Seasonal  (winter-summer)  forms  of  /’.true  or 
hicula  sndalis  with  distmc  t  and  different  si/e 
range's  have*  been  observed  in  the  Arc  f  u  (Manton 
c't  al  197b),  and  it  is  possible'  that  lias  sort  of 
phenomenon  is  responsible  tor  the  disc  rep.inc  ies 
noted  here  It  is  suggested  that  lorica  si/e.  al 
though  an  easily  disc  ermble  c  harac  tensile  with 
the  light  mu  rose  ope,  not  be  utilized  to  eliltereii 
date  spec  ies,  at  least  until  a  more  e  omprehen 
sive  |iic  ture  emerges 

Distribution 

The  reports  of  II  spinifora.  (  . iperfa ,  A  sp/c  ul- 
iler.l,  and  C  .  simplex  from  the'  Weddell  Se.i  repre¬ 


sent  a  significant  extension  ot  the  geographical 
range  of  the  tour  species  II  spm/fera  has  been 
rc'portc'd  troili  its  type1  locality,  the-  Norwegian 
Arctic  (Throndsen  1970a),  Iroin  fjords  ot  Norway 
(l.eadbeater  1972a),  and  Irom  tjords  ot  Denmark 
(1  homsen  197  1)  (  .  aperfa  has  been  reported  only 
from  its  type1  loc  ality  at  Cornwallis  Island  in  the 
Canadian  Arc  tic  (Manton  et  al  1971)  A  spuulit 
era  has  been  reported  from  its  type  locality  on 
the'  Washington  c  oast  (Norris  19(>r>)  and  Irom  the 
coast  of  I  inland  (I  homsen  1977)  I’  soc  m/is  lias 
been  reported  Irom  lerre  Allelic  (Del I. niche 
I960)  in  the*  Airfare  tic  as  well  as  Irom  many  other 
localities  throughout  the  world  (Manton  et  al 
197b)  I  Ins  and  other  studies  indicate  that  c  ho 
anotlagellalos  pretcr  temperate  and  polai  te 
gions  although  subtropical  and  tropical  legions 
need  to  be  investigated  belore  this  can  be  con 
I  irmc'd 

I  lie-  spatial  distribution  ot  c  lioniiotlagcllnics 
within  the-  Weddell  Sea  over  a  c  rinse  liac  k  that 
c  overetl  approximately  1001)  nautic  al  miles  inch 
c  ate's  that  lone  ale  e  llo.inol lagellales  weie  gencr 
ally  present,  although  in  small  quantities  im 
some  spec  ies.  al  the  tunc'  ot  sampling  ( I  able  21 
I  he  pane  ity  ot  some  organisms  may  niche  ate  the 
true-  population,  may  minor  equipment  selec  lix 
ity  whereby  sonic'  ot  I  he-  smaller  organisms  slip 
through,  or  may  be  e  auseil  by  the'  destine  lion  ol 
the  Ic'ss  robust  lornts  as  a  result  ol  the  piescixn 
lion  and  preparation  techniques  Additional 
studies  on  I  he'  spatial  and  tempoial  disinbulion 
(keeping  ill  mind  the  ettec  Is  ot  c  ollec  tion,  pies 
ervation,  and  preparation  tec  limqucs)  ol  c  lioaii 
ol lagellates  nc'c'd  to  be*  c  arried  out  lieloie  a  c  om 
jilc'ti'  pic  ture  ot  the  biogeography  will  begin  to 
emerge  I  lie'  presenc  e  ol  c  ho.inof  lagellales  oyi'i 
a  v.ist,  albc'it  relatively  unitonn.  area  indie  ales 
that  niiiny  ol  these'  organisms  may  lie  c  osmopoh 
tail,  i  ertamly  I’  sen  Kills  is  ubiquitous  I  loyyevei. 
tlic're  is  a  pane  ity  ot  reports  in  y\hu  h  c  hoanollag 
c'llalc's  arc-  prc'scnt  as  part  ot  the  launa  Spec  nil 
sampling  tec  limqucs  and  an  awaicness  on  the 

part  ot  researc  hers  ot  the'  cxisten . I  c  ho. mo 

flagellates  would  lead  to  then  me  lusion  in  tlituie 
studies 


Habitat 

The  association  of  c  hoanof lagellates  possess- 
mg  caudal  appendages  and  anterior  projections 
with  the'  sea  ice  has  been  suggested  by  Manton 
c't  al  (197ri)  It  is  tc'i)i|itmg  to  arrive'  at  the  same 
colic  lusion  lor  the  Weddell  Sea  when  it  is  noted 
that  six  ot  the  seven  sjiei  ies  reported  liom  this 
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area  possess  these  appendages  If  this  conclu¬ 
sion  is  valid,  then  the  presenc  e  of  c  hoanoflagel- 
lates  in  the  water  column  could  be  the  result  of 
seeding  from  the  ice  Breakup  of  sea  ice  along 
the  open  ocean/pack  ice  interface  does  occur 
and  is  responsible  for  the  release  of  dense  algal 
populations  into  the  water  column  (Ackley  et  al 
1979).  Presumably  this  seeding  could  be  a 
method  of  introducing  choanoflagellates  from 
the  sea  ice  into  the  water  column  Quantitative 
studies  of  ice  algae  and  water  column  algae 
from  the  same  areas  indicate  that  there  are  spe¬ 
cies  which  not  only  prefer  the  ice  environment, 
but  even  flourish  in  it  (Ackley  et  al  197tt)  No 
comparable  quantitative  studies  were  done  with 
choanoflagellates,  largely  because  accurate 
methods  for  enumeration  have  not  been  devel¬ 
oped.  This  limits  the  extent  of  our  ability  to  de¬ 
fine  preferred  habitats  or  conclude  whether  t ho 
Acanthoecidae  observed  in  the  water  <  olumn 
are  autochthonous  or  were  introduced  from  the' 
ice  Choanoflagellates  in  this  study  arc1  definitely 
ice-dwellers,  as  there  is  no  other  mechanism  to 
allow  for  their  transport  from  the  water  to  the 
ice  (with  the  exception  of  initial  freezing)  Quan¬ 
titative  studies  of  samples  obtained  from  trans¬ 
ects  perpendicular  to  the  ice  edge  would  estab¬ 
lish  whether  the  choanoflagellates  found  in  tin- 
water  column  were  native  or  not 

Ice  is  an  ecologically  interesting  habitat  for 
choanoflagellates  for  several  reasons  The  disad¬ 
vantages  usually  assoc  lated  with  an  ice  environ¬ 
ment  include  freezing  or  subfreezing  tempera¬ 
tures  and  osmotic  and  metabolic  stresses  not 
normally  encountered  in  the  open  ocean.  The 
temperature  in  the  ice  during  the  austral  winter, 
a  period  of  time  during  whic  h  c  hoanoflagellates 
have  to  survive  if  not  grow,  c  an  be  c  ale  ulated  by 
assuming  a  linear  change  between  the-  water 
underlying  the  ice  (about  -1  H°C  )  and  the-  air 
temperature,  which  during  the  winter  is  well 
below  freezing  Assuming  that  the-  ice  was  2  m 
thick,  water  temperature  was  -1  7°C  ,  air  temper¬ 
ature  was  -20°(\  and  the  heat  conductivity  of 
ice  is  constant,  then  the-  temperature  and  salinity 
TO  cm  from  the  bottom  of  the  ice  floe  are 
-4  45°C  and  44  7n/0„  (Meguro  et  al  19(>7)  I  he 
mechanism  with  whic  h  the-  c  hoanoflagellates, 
and  ice  algae  for  that  matter,  cope  with  these 
low  temperatur'-x  and  osmotic  stresses  remains 
unknown  However,  tide-  pool  organisms,  includ¬ 
ing  those  c  hoanoflagellates  recorded  by  Norris 
(1965),  must  c  ope  with  greater  extremes  in  salin¬ 
ity  and  temperature  mediated  by  periods  of 


evaporation  and  precipitation  All  evidence 
from  field  studies  indicates  that,  as  a  group,  i  ho 
anof lagcllates  have  great  environmental  tolc-r 
anc  es  Work  with  organisms  in  <  ulture  i  ould 
confirm  not  only  general  patterns  licit  also  tolc-r 
ance  levels  lor  individual  spec  u-s 

On  the  other  hand  the-  advantages  ol  inhabit 
mg  the  ic  e  are  twofold  I  he  u  e  provides  a  spate 
.illy  stable-  environment  like  that  in  whic  h  c  hoan 
of lagellatc-s  have-  been  found  most  otten  and 
presumably  prefer  and  in  whic  h  food  is  thought 
to  be  abundant  I  he  ic  c-  community,  pri-donu 
nantly  pennate  diatoms,  c  hoanollagc-llates,  and 
bacteria,  is  trapped  within  the  ice  until,  in  the 
c  asc-  of  the  Weddell  Sea  c  ommunity.  physic  al  or 
mechanical  breakup  wrought  by  the  winds, 
waves.  and  tides  releases  them  Not  only  does 
tilt-  icc-  provide-  a  substrate  in  whic  h  the  i  hoano 
flagellates  can  grow  but  llu-  algal  standing  c  top 
is  c  onserved  within  the-  ic  e-  (until  sue  h  re-lease  oe 
e  urs,  predominantly  along  the  ic  e  e-elgi-)  resulting 
in  high  standing  e  rops  of  algae-  (maximum  e  lilor 
ophyll  a  valuc-s  ranged  trom  0  t  to  4  4  mg, in '  lor 
those-  corc-s  oxnnnne-d)  (Aekle-v  e-l  al  I97H)  Al 
though  little-  or  no  work  has  be-e-n  done-  on  hac 
te-rial  populations  within  the-  tee,  given  tile-  high 
concentrations  ot  algae  and  the-  resultant  chx 
solved  organic  matter,  it  would  se-e-m  sate-  to  as 
some  that  the-y  are-  high  (Tioanotlagellales  te-eel 
on  bacteria  (leadbeate-r  and  Morton  1974a,  I  Ills 
19.10)  and  may  be-  able  to  use-  the-  dissolved  or¬ 
ganic  matter  direc  tly  (Gold  et  al  1970)  Sieburtli 
et  al  (197B)  place-  c  hoano!  lagellatc-s  in  the-  i-eo 
logical  cate-gory  of  protozooplankton.  a  group 
defined  as  being  unicellular  and  possessing  a 
size,  metabolic  ac  tivity,  and  division  rate-  similar 
to  phytoplankton  although  the-y  are-  me  luded  in 
the-  animal  kingdom  Protozooplankton  are-  con 
sidered  be-nc-tic  i.il  to  the-  phytoplankton  bee  neixe 
the-y  recyc  le  tile  nutrients  store-el  in  tile-  bae  tc-ria, 
which  live  off  the-  dissolved  organic  matter  and 
dead  c  ells  of  the  algae-  ('hoanoflagellates  pre> 
vide-  for  a  rapid  eonversion  eit  bae  te-rial  biomass 
to  nutrients  A  tightly  coupled  trophic  se  lie-mi- 
e-xists  m  the-  interstitial  pockets  ot  hi  me  within 
the  ic  c-,  at  le-ast  until  re-li-ase-  to  the  oc  e-an  oe  e  urs 
A  more  classical  trophic  scheme-  betwe-e-n  hac 
tc-ria  and  larger  metazooplankton  is  postulated 
tor  tile*  c  hoanoflage-llate-s  in  the-  wate-i  c  olumn  It 
appears  that  the-  disadvantages  ot  being  .issue  i 
ate-d  with  an  environment  with  e-xlie-riu-s  of  te-m 
perature  and  salinity  are-  outweighed  by  the-  pre-x 
c-nc  e  ot  a  substrate-,  lack  ot  predators,  anil  the 
availability  of  food  xoure  e-s  I  his  ic  e  syste-m  with 
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Us  three'  main  components  ele'xt'rve's  more  .itte'iv 
tiun  than  it  has  hitherto  reec'ive'd,  keeping  m 
mind  the  elucidation  ot  above-mentioned  rela¬ 
tionships  and  their  quantitir  ation 

SUMMARY 

Conclusions 

I  ('ho.mofl.ige'll.ite's  were  widely  distributed 
throughout  the  region  ot  the  sea  u  e  edge  in  the 
Weddell  Sea  I  ight  spec  ies,  m<  lulling  one  des- 
c  ribed  tor  the  first  time,  were  observed  in  water 
i  olumn  and  ice  lloe  sani|)les 

>  I  he  tolerance  ot  the*  low  temperatures  and 
high  salinities,  c  harac  teristic  ot  the  Weddell  Sea 
ice  community,  by  all  eight  species  has  been 
established 

t  1  he  geographic  al  range  ot  live  spec  it's  ot 
Ac  anfhoet  ichte  { Crmaliiw  apor/a.  P,uvicorbivul<  1 
sen  i, ih s,  tin  osta  spini/or, i,  /bcosta  anfeumgc v,i. 
and  Ac  .mthort  opws  spec  uliferil)  has  been  sigmt i- 
c  antly  e\|>anded 

-t  I  he  mec  hamsm  ot  shape  c  ontrol  ot  the  lori- 
c  .1  may  be  c  onservntive  and  potentially  useful  as 
.i  taxonomic  e  harac  ter 

r>  I  lie  si/c'  ot  lorn  .is  is  indued  not  to  be  a 
good  taxonomic  e  harac  ter  bee  arise  ot  the  varia¬ 
bility  within  spec  ies  reported  trom  different 
areas  ot  the  world 

Recommendations  for  future  work 

It  may  he  concluded  trom  compilation  ot 
evidence  trom  the  present  work  and  other 
studies  that  c  lioanoflayc’llafes  of  the  family 
Ac  anlhoec  idae  are,  in  general,  cosmopolitan, 
euiyhahne  and  eurytheunal,  and  dwell  in  many 
marine  habitats  Hiogeography,  spatial  distribu¬ 
tion  environmental  toleranc  es,  assoc  i.itions 
with  file  ic  e  c  ommunify,  morphology,  and  taxon¬ 
omy  ot  the  Ac  anlhoec  idae,  all  addressed  to 
some  extent  in  this  report,  need  turlhei  mvesti 
nation  Development  ot  a  method  tor  enumera 
lion,  an  increased  awareness  on  the  pari  of 
lesearc  hers  of  the  presence  of  c  honnoflngel 
lales,  and  widespread  sampling  *n  all  geographic 
regions  and  seasons  would  advance  our  under 
standing  ot  the  biogeogrnphu  al  distribution  of 
this  group  A  more  c  omprehensive  examination 
ot  the  components  of  the  ice  community  with 
the  goal  of  understanding  its  Irophody nanuc  s  is 
needed 

All  luture  studies  must  be  based  ufion  a  turn 
taxonomic  bac  k ground  that  is  itself  based  on 


morphological  and  phyletic  relationships  Al¬ 
though  the  advent  of  electron  microscopy  has 
greatly  expanded  the  morphological  base  by  in- 
c  reasing  resolution,  depth  of  field,  and  the  abili¬ 
ty  to  disc  ern  suilace  detail,  it  is  hoped  that  more 
emphasis  on  conservative  features  such  as  cos¬ 
tal  strip  shape,  relative  si/e  of  the  costal  strips, 
and  methods  ot  control  of  lone  a  shape  will  play 
greater  role's  in  establishing  this  morphologic  al 
base'  However,  the'  need  tor  light  mie  roscopy  to 
identify  and  enumerate*  field  samples  should  not 
be  forgotten 
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APPENDIX  A.  TYPE  DESCRIPTIONS  OF 
ACANTHOECIDAE  COLLECTED  FROM  THE 
WEDDELL  SEA. 

Crinolina  aperla 

Original  description:  Leadbeater,  1975 

Lorica  barrel-shaped,  open  at  both  ends,  with 
a  long  fringe  of  slender  projecting  <  ostae  around 
each  opening  Overall  length  45-50  pm,  width  at 
the  anterior  end  17-25  pm,  at  the  posterior  end 
25-35  pm  Number  of  longitudinal  costae  12, 
each  composed  of  9  or  10  costal  strips  with  over¬ 
lapping  ends  and  with  a  firmly  <  onstruc  led  <  osta 
located  at  a  distance  of  2  costal  strips  from  the 
anterior  end  of  the  loric  a,  and  another  loc  tiled  1 
or  4  costal  strips  from  the  posterior  end  Irans- 
verse  costal  strips  L -shaped,  tapered  at  one  end 
and  sharply  upturned  at  the  other,  those  from 
the  anterior  ring  thicker  than  those  from  the-  pos¬ 
terior  ring  but  both  thicker  than  the*  longitudinal 
costae;  all  upturned  tips  in  both  transverse  cos 
tae  directed  towards  the  anterior  end  of  the  Ion 
ca  and  each  individually  attached  to  the  corre¬ 
sponding  longitudinal  costa  Protoplast  loc  aled 
centrally  ca  8  pm  long  x  5  pm  wide,  with  a 
flagellum  ca  40  pm  long  and  a  ring  of  about  50 
tentacles,  each  up  to  8  pm  long  I  ype  locality 
Resolute  Bay,  Cornwallis  Island  flat  74°40'N. 
long  95°00  W) 

Acanthoecopsis  spiculilera 

Original  description:  Norris,  1905 
Cells  with  a  form  typical  for  <  hoanotlagcl 
lates  Cell  enclosed  by  a  loric  a  composed  pri 
marily  of  14  longitudinal  costae1,  closely  envel¬ 
oping  cell  body,  spreading  slightly  at  collar  to 
form  a  broad  chamber  enclosed  by  widely 
spaced  costae  Tips  of  costae*  free  from  one  .in 
other,  two  or  three  transverse  c  ostae  enc  ire  ling 
the  longitudinal  costae*  at  the  point  oe  c  upieel  by 
cell's  anterior  end;  two  or  three  other  transverse 
costae  encircling  loric  a  gist  above  cell  base 
Base  of  lorica  attenuate,  longitudinal  costae 
converging  to  form  a  stalk  up  to  5t>  pm  long 
Lorica  15-18  pm  long,  lorica  oody  8  9  pm  long, 
lorica  neck  (spines) 8-10  pm  long,  nee  k  ilia  up  to 
10  pm,  cell  dia  4  5  pm  Dia  ol  stalk  approxi 
mately  0  3  pm 

Type  locality  tide  pool  at  lorn  Is  ,  Sail  loan 
County,  Wash 

Bicosta  spinilera 

Original  desc  ription  throndsen.  197l)a 


Cell  solitary,  c  ollarless,  egg  shaped  toe  y  I  nidi  i 
cally  ovoid,  with  single  collar.  Ilagellum  single 
about  4  times  the1  length  ot  the  e  ell.  nue  lens  an 
tenor,  lorica  extremely  hyaline,  nioie  oi  less 
goblet-shaped  with  2  (occasionally  !)  nbli<|tiely 
running  longitudinal  ridges  winding  slightly  xpi 
rally  on  the  outer  surface  and  continuing  apn 
ally  as  slender  curved  spines,  posteiimly  nn-ig 
mg  to  make1  a  long  poslenoi  pio|ee  lion  e  i  ll 
length  6-9  pm,  diameter  14  pm,  liana  length 
with  anterior  and  posterior  piop-c  in nis  5(180 
pm  Habitat  the  sea  in  the  vninily  ol  lieai 
Island,  74°  IO  N,  25°l  (I  5°(  ) 

Bicosta  antenmpera 

Original  description:  Moestrup,  1979 

Solitary,  protoplast  c  6  p  m  long,  with  a  single- 
anterior  flagellum,  16-18  pm  long  I  he-  cell  lo 
rated  in  a  lorica  composed  ol  seven  costal 
strips.  1  wo  c  ostal  strips,  ear  h  8  10  pm  long,  team 
the  lorica  chamber  which  contains  the  pmio 
plasl  Anteriorly  each  ot  the1  strips  joins  with  a 
long  anterior  spine,  12- 17  pm  long  and  made  ol 
two  c  ostal  strips  1  hese  ditler  in  length,  the  pins 
imal  being  8-10  pm  long,  the  distal,  wine  h  is 
tailoring  and  curve's  inwards,  measures  2  1  28  p 
m  Posteriorly  the  strijis  ol  the  lorica  e  liambei 
overla|)  and  join  with  a  iiosterun  s|ime,  i  25  pm 
long,  made  of  a  single  costal  sliiji  total  length 
of  the1  loric  a  e  60  pm 

I ype1  microgranh.  figure  41  trom  haikouia. 
New  Zealand  (42°25'S,  173°42’T)  1  I  S.  j i tc  n ibe  i 
1974 

Calliacantha  simplex 

Original  description  Manton  and  (lates. 
1979b 

I  one  <i  with  lour  anterior  s|iines.  eac  li  c  onliiiu 
ous  with  .1  longitudinal  c  osta.  the  laltci  e  onveng 
mg  without  numeric  al  c  hange  to  the  base  ot  the 
c  hamber  Both  transverse  c  ostae  attae  lied  to  tin- 
penultimate  costal  strips  ot  tin-  longitudinal 
costae1  and  not  directly  to  the  teimmal  slops 
forming  the  spine  ends  A|i|inrcnl  li'iiglh  ol  the 
•interior  spines  15  pm  *  5  pm.  the  |insleiieii 

s|nne  10  pm  *  4  pm  (  K-eiall  loin  a  length  c  mu 
monly  15  pm  *  10  pm.  with  the  e  liambei  12  pm 
'  1  pm  but  all  p.l r I s  can  lie  e-ilhei  largei  unelel 

■in  tu  conditions  or  smallei  tsoiilheiu  helms 
jihere  and  (ial.iiiagos  Islands).  s|iec  miens  ol  tin- 
latter  type1,  with  .m  average1  overall  length  eel  20 
pm,  |)erha|is  a  separate  s|iec  lex  or  subs|iee  les 
I  he  number  ot  teniae  les  u|>|>in\imately  1(1  I  lag 
ellar  length  variable  but  e  an  gre-ally  ewe  eeel  that 
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ot  tin*  spines 

Geographic  al  distribution  probably  world 
V\  Itlt*  111  Coastal  Wiltt-rs  l\pt*  s|H‘l  imc-lls  l  III 
lot  toil  1*1  luni*  l ‘>7  5  in  South  Alaska  from  tin*  st-a 
surface  in  mid-channel  about  a  third  ol  the  was 
between  home  and  St  Augustine  Island,  watei 
very  i  lean  Also  recorded  in  othei  samples  Irom 
the  same  area  at  depths  trom  the  surtai  e  to  10  m 
anti  at  sea  temperatures  t»-IO°C.  also  in  North 
Alaska  under  sea  it  e  (temperature  0°C).  in  art  lit 
Canada  (temperature  -1°C).  m  Britain  (tempera 
lure  It)  S°C).  Galapagos  Islands  (temperature 
JJ°C)  and  South  Africa 

Cjlluicjnthd  mullispin.i 

Original  description.  Manton  and  Oates  107*1 

l  tint  a  10-14  pm  lony*.  lom.i  t  hamher  le\ 
e  luding  s()int‘s)  8-1 5  pm  lonjt  Spines  c  ommonly  ri 
but  sometimes  4,  b  or  ext  c*ptionall\  7  I  onpiludi 
nal  t  ostae  equal  in  number  to  the  anterior  spines 
and  directly  lontnuious  with  them  (e\t  lutlinn 
random  duplications  or  deletions  alter  tint* 
smy-le  Ion)  Anterior  transverse  costa  lirmly  at 
t at  he'd  to  the  spines  near  then  lower  ends,  the 
posterior  transverse  costa  thinner  and  more 
lightly  attac  hed  near  the  middle  ot  the  loniptudi 
nal  costae  The  component  stri(is  ot  both  trails 
verse  t  ostae  exactly  briily-inn  the  distant  e  he 
tween  longitudinal  t  ostae  Numerit.il  retlut  tion 
anions  longitudinal  t  ostae  ot  t  urrinn  at  the  hind 
end  of  the*  t  h.imber  as  in  (  n.it.ms  Distribution. 
tempc*rate  coastal  waters  near  the  surtai  e  in 
both  the  northern  (Portsmouth)  and  southern 
hemisphere  (Cape  I  own)  I  ype  spec  mien  Spoil 
men  in  t  inure  4  t  ollet  tod  10  November  l*17J  be¬ 
tween  Kobben  Island  and  Cape  I own.  10  m 
depth,  sea  temperature  10°C 


A  facsimile  catalog  card  in  Library  of  Congress 
MARC  format  is  reproduced  below. 
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